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@ An accessory pathway detecting apparatus 
measures action potentials from first and sec- 
ond electrode leads (1,5), and outputs the 
obtained action potentials, as potential maps, to 
a CRT (46) or a printer (47) such that the action 
potentials can be displayed in the foim of a list. 
An ablation catheter (70) is inserted and located 
at a preexcitation portion obtained from the 
display, and the impedance between each of the 
electrodes (L1 to L12, R1 to R12) of the first and 
second electrode leads (1,5) and the electrode 
(74) of the ablation catheter (70) is measured by 
an impedance measuring circuit (52). A point 
where the lowest impedance is measured is 
regarded as an accessory pathway portion. The 
ablation catheter (70) is fixed at this point 
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BACKGROUND OF THE INVENTION 

The present invention relates to an accessory 
pathway detecting apparatus for detecting the acces- 
sory pathway in the heart in performing a surgical 
treatment for a tachycardia arrhythmia such as the 
Wolf-Parkinson-White syndrome or paroxysmal su- 
praventricular tachycardia. 

With the recent advances in electrophysiological 
test techniques for the heart, medical treatments for 
arrhythmias have been greatly improved. For exam- 
ple, instead of excision of an accessory pathway por- 
tion by conventional open heart surgery, a non-open 
heart surgery method, which imposes less burden on 
a patient, has been employed. In this method, cath- 
eter ablation is performed as follows. An ablation 
catheter is percutaneously inserted into the heart so 
as to cauterize an accessory pathway portion by irra- 
diating energy on the accessory pathway portion. 

Since tachycardia arrhythmias occur owing to the 
presence of an accessory pathway other than a nor- 
mal stimulus conduction pathway in the heart, these 
treatments are performed by excising or intercepting 
the accessory pathway by means of cauterization or 
the like. For this reason, in performing a treatment by 
means of catheter ablation, the position of an acces- 
sory pathway must be specified before cauterization. 
In a conventional electrophysiological test method, a 
catheter electrode is inserted into a blood vessel 
around an atrioventricular annulus in which the ac- 
cessory pathway exists, an electrical stimulus is ap- 
plied in the ventricle, and the conduction time of the 
stimulus is measured. The position of the catheter 
electrode is sequentially shifted to measure stimulus 
conduction times at a plurality of portions, and a po- 
tential map is manually formed on the basis of this 
measurement result. A portion exhibiting an abnormal 
stimulus conduction time is specified as the accesso- 
ry pathway portion on the basis of this potential map. 

When the accessory pathway portion is con- 
firmed upon formation of the potential map, the abla- 
tion catheter is guided to a position near the acces- 
sory pathway portion (portion to be cauterized) under 
X-ray fluoroscopy to conduct the above electrophy- 
siological test again by using an electrode mounted 
on the ablation catheter. With this operation, the ac- 
curate position of the accessory pathway portion is 
specified, and the ablation catheter is fixed thereat. 

In the abr </e conventional method, the operator 
conducts tests while checking the position of the 
catheter electrode under X-ray fluoroscopy. Tests at 
a left cardiac mitral annulus and a right cardiac tri- 
cuspid annulus are independently and sequentially 
conducted while potential maps are formed. For this 
reason, it takes two to four hours or a maximum of six 
hours to conduct these tests. That is, such tests re- 
quire a long period of time. 

In addition, even after an accessory pathway por- 
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tion is determined upon formation of a potential map, 
the ablation catheter is guided, under X-ray fluoro- 
scopy, to a position where cauterization is to be per- 
formed, and an electrical stimulus is applied in the 
5 ventricle again, thereby conducting an electrophysio- 
logical test. Therefore, the test time is further pro- 
longed. For this reason, a heavy burden is imposed 
on a patient, and a problem is posed in terms of ex- 
posure to X-rays. 

10 

SUMMARY OF THE INVENTION 

The present invention has been made in consid- 
eration of the above conventional methods, and has 

15 as its object to provide an accessory pathway detect- 
ing apparatus and method which can shorten the test 
time and reduce the burden on a patient 

It is another object of the present invention to pro- 
vide an accessory pathway detecting apparatus 

20 which can simultaneously measure action potentials 
at multiple points and efficiently detect an accessory 
pathway. 

It is still another object of the present invention to 
provide an accessory pathway detecting apparatus 
25 which displays action potentials measured at multiple 
points in the form of a list (e.g., a potential map) and 
allows an operator to easily recognize a conduction 
time of a stimulus at each point. 

It is still another object of the present invention to 
30 provide an accessory pathway detecting apparatus 
which can simultaneously measure action potentials 
at multiple points on almost the entire circumference 
of a valve ring of the heart, and can easily detect an 
accessory pathway. 
35 It is still another object of the present invention to 

provide an accessory pathway detecting apparatus 
which can detect an accessory pathway by means of 
impedance measurement 

It is still another object of the present invention to 
40 provide an accessory pathway detecting apparatus 
and an accessory pathway cauterizing apparatus in 
which an impedance measuring electrode is arranged 
on an accessory pathway ablation catheter to detect 
an accessory pathway by impedance measurement, 
45 thereby easily locating the ablation catheter at a por- 
tion to be cauterized. 

It is still another object of the present invention to 
provide an accessory pathway cauterizing apparatus 
in which an ablation catheter having an impedance 
50 measuring electrode is inserted and located at a pos- 
ition near an accessory pathway portion recognized 
upon simultaneous measurement of action potentials 
at multiple points, and the final position of the ablation 
catheter can be determined by impedance measure- 
55 ment, thereby easily and quickly positioning the abla- 
tion catheter. 

According to an arrangement of an accessory 
pathway detecting apparatus-of the present invention 
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for achieving the above objects, the apparatus in- 
cludes a first electrode member which is inserted in 
a first detection portion of an object (to be tested) to 
measure a plurality of action potentials at the detec- 
tion portion, and a second electrode member which 5 
is inserted in a second detection portion of the object 
to measure a plurality of action potentials at the por- 
tion, wherein action potential signals from the first 
and second electrode members are simultaneously 
measured at multiple points, and the obtained action 10 
potentials are output such that the action potentials 
can be displayed at once in the form of a list. 

The output of the action potentials is preferably 
display of a list on a display means such as a CRT, or 
printing of a list by a printing unit. 15 

According to another arrangement of the acces- 
sory pathway detecting apparatus of the present in- 
vention, the apparatus includes a first electrode 
member inserted in a first portion of an object to be 
tested and having a plurality of electrodes, a second 20 
electrode member inserted in a second portion of an 
object to be tested and having a plurality of electro- 
des, and an ablation catheter for cauterizing an ac- 
cessory pathway portion, wherein the ablation cath- 
eter has an electrode for measuring an impedance 25 
between the electrode and each of the electrodes of 
the first and second electrode members. 

It is preferable that the first electrode member 
have a plurality of independent electrodes to simulta- 
neously obtain action potentials at multiple points, 30 
and the plurality of electrodes be at predetermined in- 
tervals from the distal end portion of the first elec- 
trode member in the direction of the proximal end por- 
tion. Note that the predetermined intervals may not be 
constant 35 

It is preferable that the second electrode member 
have a plurality of independent electrodes to simulta- 
neously obtain action potentials at multiple points, 
and the plurality of electrodes be at predetermined in- 
tervals from the distal end portion of the second elec- 40 
trade member in the direction of the proximal end por- 
tion. In addition, the second electrode lead preferably 
has physical characteristics equivalent to those of a 
PTCA (percutaneous transluminal coronary angio- 
plasty) guide wire in terms of wire diameter and elas- 45 
tic force. 

The accessory pathway detecting apparatus pre- 
ferably has a pacing means forgiving an electrophy- 
siological stimulus pulse into the object. In addition, 
the pacing means preferably has a pacing lead insert- so 
ed in the object. 

The pacing lead can be inserted into the inside of 
the heart through a vessel, and therefore, it can out- 
put the stimulus pulse from the inside of the heart. 

It is preferable that the pacing lead have two or 55 
more electrodes and the direction of the distal end 
portion of the pacing lead can be controlled by a con- 
troller arranged at the proximal end portion of the pac- 



ing lead to be easily guided to a target portion. 

In addition, the pacing means preferably gives a 
stimulus pulse by using the ablation catheter. 

Furthermore, the accessory pathway detecting 
apparatus preferably has a bioelectric amplifier for 
amplifying intercardiac potential from each electrode 
lead. 

Moreover, it is preferable that the bioelectric am- 
plifier independently and simultaneously amplify a 
plurality of intercardiac potentials supplied from each 
electrode lead. 

According to a procedure for an accessory path- 
way detecting method of the present invention, a first 
electrode member is inserted in a first portion of an 
object to be tested, and a second electrode is inserted 
in a second portion of the object. Action potential sig- 
nals obtained by the first and second electrode mem- 
bers are measured at multiple points, and potential 
maps indicating the respective measured action po- 
tentials are output such that the potential maps can 
be simultaneously displayed in the form of a list. The 
impedance between an electrode near an accessory 
pathway portion, obtained in accordance with the po- 
tential maps, and an electrode arranged on the abla- 
tion catheter for cauterizing the accessory pathway 
portion is measured. 

The potential maps are preferably stored in a 
memory upon conversion of the obtained signals into 
digital data and output to an output unit such that the 
data can be displayed in the form a list. 

The output unit is preferably a CRT or a printing 

unit 

It is preferred that the results of the impedance 
measurement are output as a display of numerical val- 
ues and/or an acoustic output. 

According to the above arrangement, the first 
electrode member is inserted in the coronary sinus to 
measure intercardiac potentials at miral annulus. and 
the second electrode member is inserted in the right 
coronary artery to measure intercardiac potentials at 
the tricuspid annulus. A plurality of intercardiac poten- 
tials obtained by the respective electrode members 
are output as a potential map such that the intercar- 
diac potentials can be displayed in the form of a list. 
A preexcitation portion obtained from the display can 
be detected as an accessory pathway portion. 

According to another arrangement of the acces- 
sory pathway detecting apparatus of the present in- 
vention, the ablation catheter is inserted in a portion 
in the ventricle in which an accessory pathway is ex- 
pected to be present, and the impedance between 
each of the electrodes of the first or second electrode 
member and the electrode of the ablation catheter is 
measured. A point where the lowest impedance is 
measured is detected as the accessory pathway por- 
tion, and the ablation catheter is fixed at the portion. 
With this operation, the ablation catheter can be easi- 
ly fixed at the accessory pathway portion to cauterize 
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this portion. 

According to a procedure for an accessory path- 
way detecting method of the present invention, a first 
electrode member is inserted in the coronary sinus of 
the heart to measure intercardiac potentials at the mi- 5 
ral annulus, and a second electrode member is insert- 
ed in the right coronary artery of the heart to measure 
action potentials at the tricuspid annulus. A plurality 
of action potentials obtained by each electrode mem- 
ber are output as potential maps such that the inter- 10 
cardiac potentials can be displayed in the form of a 
list. The ablation catheter is inserted in the ventricle 
and located at a position near a preexcitation portion 
obtained from the display, and the impedance be- 
tween each of the electrodes of the first or second 15 
electrode lead and the electrode of the ablation cath- 
eter is measured. A point where the lowest impedance 
is measured is detected as an accessory pathway 
portion, and the ablation catheter is fixed at the por- 
tion, thereby easily fixing the ablation catheter at the 20 
accessory pathway portion and cauterizing this por- 
tion. 

Other features and advantages of the present in- 
vention will be apparent from the following descrip- 
tion taken in conjunction with the accompanying 25 
drawings, in which like reference characters desig- 
nate the same or similar parts throughout the figures 
thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 30 

The accompanying drawings, which are incorpo- 
rated in and constitute a part of the specification , il- 
lustrate embodiments of the invention and, together 
with the description, serve to explain the principles of 35 
the invention. 

Fig. 1 is a view showing a left cardiac potential 
measuring multi- elect rode lead useable in vari- 
ous embodiments of the present invention; 
Fig. 2 is a view showing a right cardiac potential 40 
measuring multi- elect rode lead useable in vari- 
ous embodiments of the present invention; 
Fig. 3A is a sectional view of the atrium of the 
heart; 

" Fig. 3B is a perspective view showing a state 45 
wherein the left and right cardiac potential meas- 
uring multi-electrode leads of Figs.1 and 2 are in- 
serted in the heart; 

Fig. 4 is a block diagram showing an accessory 

pathway detecting apparatus according to the 50 

first embodiment of the present invention; 

Fig. 5 is a view showing a pacing lead according 

to the first embodiment of the present invention; 

Fig. 6 is a view showing an output example of a 

potential map according to the first and third em- 55 

bodiments of the present invention; 

Fig. 7 is a block diagram showing an accessory 

pathway detecting apparatus according to the 
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second embodiment of the present invention; 
Fig. 8A is a perspective view showing a state 
wherein the left and right cardiac potential meas- 
uring multi-electrode leads according to the sec- 
ond and third embodiments of the present inven- 
tion are inserted in the heart; 
Fig. 8B is an enlarged view of a portion of Fig. 8A; 
Fig. 9 is a block diagram showing an accessory 
pathway detecting apparatus according to the 
third embodiment of the present invention; 
Fig. 10 is a flow chart showing a procedure for de- 
tecting an accessory pathway in the first embodi- 
ment; 

Fig. 11 is a flow chart showing a procedure for 
cauterizing an accessory pathway portion in the 
second embodiment; 

Fig. 12 is a flow chart showing a procedure for 
cauterizing an accessory pathway portion in the 
third embodiment; and 

Fig. 13 is a perspective view for explaining the 
multi-electrode lead shown in Fig. 2. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention 
will now be described in detail in accordance with the 
accompanying drawings. 

(First Embodiment) 

An accessory pathway detecting apparatus ac- 
cording to the first embodiment of the present inven- 
tion will be described below with reference to Figs. 1 
to 5. 

Fig. 1 shows a left cardiac potential measuring 
multi-electrode lead 1 as a first electrode member, 
which is inserted through the coronary sinus to meas- 
ure action potentials in the miral annulus. Referring to 
Fig. 1, reference numeral 2 denotes a plurality (12 in 
this case) of electrodes mounted on the distal end of 
the left cardiac potential measuring multi-electrode 
lead 1; 3, signal extraction terminals mounted on the 
proximal end of the multi-electrode lead 1; and 4, a 
catheter tube 4 for guiding the electrodes 2 into the 
body. Referring to Fig. 1, the electrodes 2 are con- 
nected to the signal extraction terminals 3 via signal 
lines (not shown) which extend through the catheter 
tube 4 and are equal in number to the electrodes. 
Since the coronary sinus has a relatively large diam- 
eter, a multi-electrode lead of a catheter type like the 
one shown in Fig. 1 can be inserted in the coronary 
sinus. 

Fig. 2 shows a right cardiac potential measuring 
multi-electrode lead 5 as a second electrode mem- 
ber, which is inserted into the right coronary artery to 
measure intercardiac potentials in the right cardiac tri- 
cuspid annulus. Referring to Fig. 2, reference numeral 
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6 denotes a plurality (12 in this case) of electrodes 
mounted on the distal end of the right cardiac poten- 
tial measuring multi-electrode lead 5; 7, signal extrac- 
tion terminals mounted on the proximal end of the 
multi-electrode lead 5; and 8, a guide wire for guiding 5 
the electrodes 6 into the body. Since the diameter of 
the right coronary artery is smaller than that of the 
coronary sinus, it is difficult to insert a multi- elect rode 
lead of a catheter type like the one shown in Fig. 1 into 
the right coronary artery. For this reason, in order to 10 
insert a multi-electrode lead into the right coronary ar- 
tery, the lead is preferably a multi-electrode lead of a 
guide wire type like the one shown in Fig. 2. In this 
case, a multi-electrode lead is formed by the following 
method. A plurality (1 2 in this case) of superfine sig- 15 
nal lines, each coated with an insulating film in ad- 
vance, are wound on the surface of a superelastic al- 
loy wire in the form of a coil. Thereafter, portions of 
the insulating films of these signal lines are stripped 
off, at positions where the signal lines should serve 20 
as electrodes, in such a manner that the resultant 
electrodes are not in electrical contact with each 
other. 

With the superfine signal wire wound on the su- 
perelastic alloy wire 21 as described above, as shown 25 
in Fig. 13, the isolating coating of a portion of these 
twelve wires 20 is stripped by an amount of almost 
one circumference, exposing the gold-plating layer in- 
side the isolating coating as indicated by reference 
numeral 23. Consequently, the conductive portion is 30 
exposed, and this exopsed portion can be used as an 
intercardiac electrode. 

By this method, a multi-electrode lead can be ob- 
tained, which has a diameter small enough to allow in- 
sertion of the lead into the right coronary artery and 35 
has electrodes large enough in number to conduct a 
test. 

In this embodiment, the first and second leads 1 
and 5 respectively have the twelve electrodes 2 and 
the twelve electrodes 6. If the number of electrodes 40 
of an multi-electrode lead of the catheter or guide wire 
type increases, the diameter of the multi-electrode 
lead itself increases, resulting in difficulty in inserting 
the multi-electrode lead into a vessel. In contrast to 
this, as the number of electrodes of the multi-elec- 45 
trade lead decreases, the precision of detection of an 
accessory pathway deteriorates. In this case, there- 
fore, the number of electrodes is set to be twelve in 
consideration of the size of the heart and the distance 
between the electrodes. 50 

Figs. 3A and 3B are views for explaining the op- 
erated states of the first lead 1 for left cardiac poten- 
tial measurement and the second electrode lead 5 for 
right cardiac potential measurement according to the 
first embodiment. 55 

Fig. 3A is a sectional view of the atrioventricular 
annulus. Reference numeral 30 denotes a right coron- 
ary artery into which the multi-electrode lead 5 is in- 



serted; 31 , a tricuspid valve, 32, a coronary sinus into 
which the multi-electrode lead 1 is inserted; 33, a mi- 
ral valve, and 34, an annulus. 

Fig. 3B shows a state wherein both the first and 
second electrode leads 1 and 5 are respectively in- 
serted into an artery and a vein in the heart. As shown 
in Fig. 3B, when the multi-electrode leads 1 and 5 are 
inserted into the coronary sinus and the right coron- 
ary artery, the electrodes 2 and 6 mounted on the dis- 
tal ends of the multi-electrode leads are arranged 
around almost the entire circumferences of the annu- 
lus. Therefore, stimulus conduction times can be 
measured throughout almost the entire circumferenc- 
es of the valve rings in which an accessory pathway 
exits. 

Fig. 4 is a block diagram showing the overall ac- 
cessory pathway detecting apparatus of the first em- 
bodiment of the present invention. Reference numer- 
al 41 denotes left cardiac connection terminals for 
connecting the multi-electrode lead 1; and 42, right 
cardiac connection terminals for connecting the multi- 
electrode lead 5. Although the numbers of terminals 
41 and 42 are equal to those of the electrodes 2 and 
6 in practice, most of them are omitted in Fig. 4 but 
are indicated by a dotted line. Reference numeral 43 
denotes an amplifier for amplifying weak signals de- 
tected by the terminals 41 and 42; 44, an A/D conver- 
ter for converting the analog signals obtained from 
the amplifier 43 into digital signals; and 45, a main 
control unit for storing these signals and performing 
control. Reference numeral 46 denotes a CRT as a 
display unit; 47, a printer as a printing unit; and 48, a 
recorder as a recording unit. These units can respec- 
tively display, print, and record supplied potential 
maps. Reference numeral 49 denotes an operation 
panel for externally operating this apparatus; and 
451 , a memory for storing measurement data used to 
form potential maps. The memory 451 may store im- 
age data for potential maps. 

Fig. 5 shows a pacing lead which is inserted into 
the atrium of the heart to give a stimulus to the heart. 
Referring to Fig. 5, reference numeral 9 denotes a 
pacing lead ; 10, a distal end portion electrode for 
generating a stimulus; 11, proximal end portion elec- 
trodes; and 12, steering for bending the distal end 
portion of the pacing lead 9 to facilitate insertion 
thereof into the body. 

The distal end portion electrode 10 includes at 
least one positive electrode and one earth electrode. 

Action potential signals are detected by the first 
and second electrode leads 1 and 5 inserted into the 
heart (object to be tested), as shown in Fig. 3B, and 
the signals at all the twenty four electrodes are simul- 
taneously loaded via the left cardiac connection ter- 
minals 41 and the right cardiac connection terminals 
42. These signals are amplified by the amplifier 43 
and converted into digital signal by the A/D converter 
44. The digital signals are then sent to the main con- 
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trol unit 45. The main control unit 45 stores the ob- 
tained signals, and can output the signals altogether, 
as potential maps, to the CRT 46 or the printer 47 in 
accordance with a request generated by the operator 
through the operation panel 49. The twelve electro- 
des of each of the first and second electrode leads 1^ 
and 5 are arranged at intervals of about 10 mm. Dur- 
ing a test, the operator performs measurement, until 
an abnormal action potential appears, while observ- 
ing a display of a potential map and gradually shifting 
each multi-electrode lead. 

Fig. 6 shows an output example of the potential 
maps. Reference numeral 60 denotes a time point at 
which a stimulus is given to the heart by the pacing 
lead 9. In this case, the start of display of the potential 
corresponds to the timing at which the stimuli are giv- 
en to the heart. Reference numeral 61 denotes a case 
wherein action potentials, in the left cardiac miral 
valve ring, measured by the twelve electrodes (L1 to 
L12) of the multi-electrode lead 1 are displayed; and 
62, a case wherein action potentials, in the right car- 
diac tricuspid valve ring, measured by the twelve 
electrodes (R1 to R12) of the second electrode lead 
5 are displayed. In each display, the axis of abscissa 
indicates time. That is, each display indicates how 
much time it takes for the stimulus given at the time 
point 60 to reach, as an action potential, to each of the 
electrodes (L1 to L12; R1 to R12) of the multi-elec- 
trode leads. In this case, as is apparent, conduction 
of the stimulus potential to the myocardium at the 
position of the electrode L5 of the multi-electrode 
lead 1 in the left cardiac miral valve ring is too fast, i.e., 
abnormal. That is, it is apparent that an accessory 
pathway exists near the electrode L5. 

Fig. 1 0 is a flow chart showing a procedure for de- 
tecting an accessory pathway in the first embodi- 
ment. In step S10, the left cardiac potential measuring 
multi-electrode lead 1 is inserted into the coronary si- 
nus of an object to be tested, as shown in Fig. 3B. In 
step S11, the right cardiac potential measuring multi- 
electrode lead 5 is inserted in the coronary artery of 
the object, as shown in Fig. 3B. In addition, the pacing 
lead 9 is inserted into the ventricle of the object. 

When measurement is started in the above state, 
the flow advances from step S13 to step S14. In step 
S14, a stimulus pulse is output from the distal end 
portion electrode 10 of the pacing lead 9. In step S15, 
action potentials detected by the respective electro- 
des 2 and 6 of the multi-electrode leads 1 and 5 are 
simultaneously sampled. The sampled data is stored 
in a RAM (not shown) incorporated in the main control 
unit 45. In this embodiment, the output timing of a 
stimulus pulse is transmitted from a power supply 
(not shown) for the pacing lead 9 to the main control 
unit 45, thereby establishing synchronization be- 
tween output of a stimulus pulse and measurement of 
action potentials. 

In step S16, sampling of potentials is terminated, 



and in step S17, potential maps are formed by using 
the sampled data stored in the RAM of the main con- 
trol unit 45. In step S18, the image data of the ob- 
tained potential maps is output to a display controller 
5 461 , a printer controller 471 , or a recorder controller 
481. Each controller visually outputs the potential 
maps through the CRT 46, the printer 47, or the recor- 
der 48, as shown in Fig. 6. The potential maps may 
be stored in the memory 451 , floppy disk (not shown) 
10 or CD-ROM (not shown) or other memory devices. 

The above described process indicated by steps 
S14 to S18 is repeated until the finish of the measure- 
ment is indicated. 

As described above, an accessory pathway por- 
ts tion can be detected more accurately by repeating the 
accessory pathway detection processing in Fig. 10 
while shifting the positions of the multi-electrode 
leads 1 and 5. 

20 (Second Embodiment) 

An accessory pathway detecting apparatus ac- 
cording to the second embodiment of the present in- 
vention will be described next with reference to Figs. 

25 7 to 8B. 

Fig. 7 is a block diagram showing the overall ar- 
rangement of the accessory pathway detecting appa- 
ratus of the second embodiment. Reference numeral 
41 denotes left cardiac connection terminals for con- 
30 necting the multi-electrode lead 1; and 42, right car- 
diac connection terminals for connecting the multi- 
electrode lead 5. Although the numbers of terminals 
41 and 42 are equal to those of the electrodes 2 and 
6 in practice, most of them are omitted in Fig. 7 but 
35 are indicated by a dotted line. Reference numeral 43 
denotes an amplifier for amplifying weak signals de- 
tected by these terminals; 44, an A/D converter for 
converting the analog signals obtained from the am- 
plifier 43 into digital signals; 45, a main control unit for 
40 storing these signals and performing control; 49, an 
operation panel for externally operating this appara- 
tus; 50, an ablation catheter connection terminal 50; 
51,' a multiplexer for selecting one of a plurality of 
electrodes from the twenty four electrodes of the first 
45 and second electrode leads; 52, an impedance meas- 
uring circuit 52 for measuring an impedance between 
an electrode selected by the multiplexer 51 and an 
electrode arranged in an ablation catheter; and 56, a 
temperature measuring circuit, 
so The same reference numerals in the accessory 

pathway detecting apparatus having the above ar- 
rangement denote the same parts as in the first em- 
bodiment shown in Figs. 1 to 6, and only different 
points between the embodiments will be described 
55 below. The connection terminals 41 and 42 connect- 
ed to the first and second electrode leads are con- 
nected to the multiplexer 51. The multiplexer 51 se- 
lects one (or a plurality of) electrode from the twenty 

6 
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four electrodes in accordance with the operation of 
the operation panel 49, and connects the selected 
electrode (or electrodes) to-the impedance measur- 
ing circuit 52. The impedance measuring circuit 52 is 
also connected to the impedance measuring elec- 5 
trade arranged in the ablation catheter via the con- 
nection terminal 50. The impedance measuring circuit 
52 causes an impedance measuring power supply 53 
to apply a voltage between the electrode of the abla- 
tion catheter and the electrode (or electrodes) select- 10 
ed by the multiplexer 51 , and detects a current (or cur- 
rents) generated between the electrodes. An acces- 
sory pathway portion is low in electrical impedance. 
Therefore, an accessory pathway is present at a pos- 
ition, between the electrodes of the first and second 15 
electrode leads and the electrode of the ablation 
catheter, at which the lowest impedance appears. 

Figs. 8A and 8B are views for explaining the op- 
erated states of the first electrode lead 1 for left car- 
diac potential measurement and the ablation cathet- 20 
er. It is assumed that an accessory pathway exists on 
the left cardiac side. In this case, therefore, illustra- 
tion of the second electrode lead 5 is omitted. 

Referring to Fig. 8A, reference numeral 70 de- 
notes an ablation catheter; 71 , an atrioventricular an- 25 
nulus 71 of the heart; and 72, an accessory pathway 
portion. Reference symbols L1 to L12 denote the 
electrodes of the first electrode lead 1. 

Referring to Fig. 8B, reference numeral 73 de- 
notes a cardiac muscular tissue; and 74, an ablation 30 
electrode also serving as an impedance measuring 
electrode. 

As shown in Fig. 3B, the first and second elec- 
trode leads 1 and 5 are inserted into the heart (object 
to be tested). As shown in Fig. 8A, the distal end por- 35 
tion of the ablation catheter 70 is then moved to a pos- 
ition near the first and second electrode leads 1 and 
2, thereby sequentially measuring impedances, start- 
ing from the electrode L1 of the first electrode lead 1 . 
As described above, since an accessory pathway 40 
portion is lower in electrical impedance than the nor- 
mal myocardium, a portion, between the electrodes 
of the first and second electrode leads and the elec- 
trode of the ablation catheter, which exhibits the low- 
est impedance can be specified as an accessory 45 
pathway. Therefore, an accessory pathway portion 
can be easily detected by measuring impedances in 
this manner. At the same time, the ablation catheter 
can be fixed at the corresponding position. 

Assume, in this case, that an accessory pathway so 
portion exists near the electrode L5 of the first elec- 
trode lead 1 . As shown in Fig. 8B, since the accessory 
pathway portion 72 exists in the cardiac muscular tis- 
sue 73 near the electrode L5, the impedance be- 
tween the electrode L5 and the impedance measur- 55 
ing electrode 74 is lower than that of each of the re- 
maining electrodes (L1 to L4; L6 to L12) of the first 
electrode lead 1 and the impedance measuring elec- 



trode 74. In addition, since the impedance decreases 
as the ablation catheter 70 approaches the electrode 
L5, the position of the accessory pathway portion 72 
can be specified. When the position of the accessory 
pathway portion 72 is specified, the ablation elec- 
trode at the distal end of the ablation catheter is fixed 
to the accessory pathway portion 72. After the abla- 
tion electrode is fixed, energy such as microwaves or 
RF current is irradiated from the ablation electrode 
onto the accessory pathway portion, thereby cauter- 
izing the accessory pathway portion. 

If cauterization is performed at an excessively 
high temperature, a portion other than the accessory 
pathway portion may be damaged. In contrast to this, 
if cauterization is performed at an excessively low 
temperature, the accessory pathway portion may not 
be completely cauterized to be left. For this reason, 
the resistance of a temperature measuring thermistor 
mounted on the distal end of the ablation catheter 70 
is detected by the temperature measuring circuit 56 
to be output as a temperature value. 

A procedure for cauterizing an accessory path- 
way portion in the second embodiment will be descri- 
bed in detail next with reference to the flow chart 
shown in Fig. 11. 

Fig. 1 1 is a flow chart for explaining the procedure 
for cauterizing an accessory pathway portion in the 
second embodiment First of all, the multi-electrode 
leads are Inserted into predetermined portions of the 
heart (steps S101 and S102), similar to steps S10 and 
S11 in the first embodiment In step S103, the abla- 
tion catheter 70 is inserted into the ventricle of the ob- 
ject. In this case, the ablation catheter 70 has the 
ablation electrode 74, which also serves as the impe- 
dance measuring electrode, at its distal end portion. 
In addition, the ablation catheter 70 has a tempera- 
ture sensor. A signal from the sensor is input to the 
temperature measuring circuit 56 via a terminal 55. 

In step S104, the multiplexer 51 selects an elec- 
trode used for impedance measurement from the 
electrodes of the multi-electrode leads 1 and 5. The 
selected electrode is connected to the impedance 
measuring circuit 52 via the multiplexer 51. In step 
S105, impedance measurement is performed. More 
specifically, a predetermined AC voltage is generated 
by the impedance measuring power supply 53, and a 
current flowing through an electrode 74 of the cath- 
eter and the selected one of the electrodes of the mul- 
ti-electrode leads is detected, thereby obtaining an 
impedance. 

When impedance measurement is to be per- 
formed with respect to another electrode of the multi- 
electrode leads, the flow returns to step S104 to 
cause the multiplexer 51 to select an electrode so as 
to repeat impedance measurement. Alternatively, im- 
pedance measurement may be repeated by moving 
the catheter 70 without changing selection of an elec- 
trode. 
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When impedance measurement is completed, 
the catheter 70 is fixed at a position where the lowest 
impedance is detected, and cauterization processing 
is executed (step S108). Cauterization processing is 
performed by emitting energy, supplied from an abla- 
tion power supply 54, via the ablation electrode 74. In 
the cauterization processing, a signal from the tem- 
perature sensor of the ablation catheter 70 is input to 
the temperature measuring circuit 56 via the terminal 
55. The temperature measuring circuit 56 converts 
the signal into temperature data and inputs the data 
to the main control unit 45. The main control- unit 45 
properly controls the output of the cauterization pow- 
er supply 54 while monitoring the temperature in abla- 
tion. 

Note that the position where the catheter is to be 
fixed can be efficiently obtained by detecting an elec- 
trode near an accessory pathway portion in advance 
by using a potential map like the one in the first em- 
bodiment, and locating the catheter at a position near 
the detected electrode upon insertion in step S103. 

As is apparent, similar to the first embodiment 
(Fig. 4), this embodiment may also include a memory 
451 for storing a potential map. 

(Third Embodiment) 

An accessory pathway detecting method and ap- 
paratus according to the third embodiment of the 
present invention will be described next with refer- 
ence to Fig. 9. 

Fig. 9 is a block diagram showing the overall ar- 
rangement of an apparatus used for an accessory 
pathway detecting method according to the third em- 
bodiment of the present invention. Reference numer- 
al 41 denotes left cardiac connection terminals for 
connecting the first electrode lead 1 in Fig. 1 ; and 42, 
right cardiac connection terminals for connecting the 
multi-electrode lead 5 in Fig. 2. Although the numbers 
of terminals 41 and 42 are equal to those of the elec- 
trodes 2 and 6 in practice, most of them are omitted 
in Fig. 9 but are indicated by a dotted line. Reference 
numeral 43 denotes an amplifier for amplifying weak 
signals detected by these terminals; 44, an A/D con- 
verter for converting the analog signals obtained from 
the amplifier 43 into digital signals; and 45, a main 
control unit for storing these signals and performing 
control. Reference numeral 46 denotes a CRT; 47, a 
printer; and 48, a recorder. These components can re- 
spectively display, print, and store the obtained po- 
tential maps. Reference numeral 49 denotes an oper- 
ation panel for externally operating this apparatus; 
50, an ablation catheter connection terminal 50; 51 , 
a multiplexer for selecting one of a plurality of electro- 
des from the twenty four electrodes of the first and 
second electrode leads; 52, an impedance measuring 
circuit for measuring an impedance between an elec- 
trode selected by the multiplexer 51 and an electrode 



arranged in an ablation catheter; 55, thermistor lead 
terminals connected to a thermistor for measuring the 
temperature of the distal end of the ablation catheter 
in cauterization processing; and 56, a temperature 
5 measuring circuit for converting a signal obtained by 
the thermistor into a temperature value. 

The same reference numerals in the accessory 
pathway detecting apparatus having the above ar- 
rangement denote the same parts as in the first and 
10 second embodiments shown in Figs. 1 to 8, and a de- 
scription thereof will be omitted. 

The first and second electrode leads 1 and 2 in- 
serted in the heart (object to be tested) in the manner 
shown in Fig. 3A detect action potential signals ap- 
15 pearing upon application of a stimulus given by an 
ablation catheter 70 also having the function of a pac- 
ing lead and inserted in the ventricle. The main con- 
trol unit 45 outputs the action potential signals alto- 
gether, as potential maps, to the CRT 46 or the printer 
20 47. With these potential maps, the operator can run 
through the action potential signals detected by the 
twenty four electrodes of the first and second elec- 
trode leads 1 and 2. When, as shown in Fig. 6, the op- 
erator knows that an accessory pathway portion is 
25 present near the electrode L5 of the multi-electrode 
lead 1, he/she brings the ablation catheter 70 close to 
the electrode L5 and specifies the accurate position 
of the electrode L5 by measuring the impedance be- 
tween the electrode L5 and an impedance measuring 
30 electrode 74 of the ablation catheter 70. 

In this case, the operator generally moves the 
ablation catheter 70 while observing an X-ray image. 
If, therefore, impedance values are displayed as nu- 
merical values or presented by another visual means, 
35 the operator needs to grasp two types of visual infor- 
mation at once, resulting in a complicated operation. 
For this reason, the magnitude of an impedance is 
presented as the pitch of a sound to allow the operator 
to concentrate on the X-ray image and operate the 
40 ablation catheter 70. 

When the accurate position of the accessory 
pathway portion is determined in this manner, the 
ablation catheter 70 is fixed in the same manner as 
described above in the second embodiment, and the 
45 accessory pathway portion is cauterized. 

If ablation is performed at an excessively high 
temperature, a portion other than the accessory path- 
way portion may be damaged. In contrast to this, if 
ablation is performed at an excessively low tempera- 
50 ture, the accessory pathway portion may be incom- 
pletely cauterized. For this reason, the resistance of 
a temperature measuring thermistor mounted on the 
distal end of the ablation catheter 70 is detected by 
the temperature measuring circuit 56 to be output as 
55 a temperature value. 

In order to confirm that an accessory pathway 
portion is completely cauterized after cauterization, 
an electrophysiological test is preferably performed 
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again to output a potential map. According to the third 
embodiment, since the ablation catheter 70 also has 
the function of a pacing lead, the electrophysiological 
test can be conducted without inserting an instrument 
again. 5 

A procedure for detection and cauterization of an 
accessory pathway in the third embodiment will be 
described below. Fig. 12 is a flow chart showing the 
procedure for detection and cauterization of an ac- 
cessory pathway in the third embodiment. 10 

The left and right cardiac potential measuring 
multi-electrode leads 1 and 5 are respectively insert- 
ed into predetermined portions of the heart (step 
S201). The ablation catheter is inserted into the ven- 
tricle (step S202). The above processing is performed 15 
according to the same procedure for the processing 
in steps S101 to S103 in the second embodiment. In 
this case, the electrode 74 of the ablation catheter 70 
also serves as an electrode for outputting an electri- 
cal stimulus pulse, an impedance measuring elec- 20 
trade, and an ablation electrode. Therefore, a power 
supply 54' serves as both a power supply for ablation 
and a power supply for an electrical stimulus pulse. 

When action potential measurement is started, a 
stimulus pulse is output from the ablation catheter, 25 
and sampling of action potentials is started. When 
measurement is executed for a predetermined period 
of time, a potential map is formed from the sampled 
data, and the potential map is output (steps S203 to 
S205). The above processing is the same as that in 30 
steps S13 to S1 8 described above in oonnection with 
the first embodiment. 

From the obtained potential map, one of the elec- 
trodes of the multi-electrode leads 1 and 5 is identi- 
fied as an electrode near an accessory pathway por- 35 
tion, and the ablation catheter is moved to a position 
near the electrode (steps S206 to S207). 

If the accessory pathway is not detected, the 
steps S204 and S205 are repeated. 

Subsequently, the electrode near the accessory 40 
pathway portion is selected, and an impedance is 
measured. The ablation catheter is fixed at a position 
where the lowest impedance is measured, and cau- 
terization processing is performed (steps S208 to 
S211). The above processing is the same as that in 45 
steps S104 to S108 discussed above in relation to the 
second embodiment 

A multi-electrode lead of a guide wire type shown 
in Fig. 2 may be used as the first electrode member 
which is inserted through the coronary sinus. so 

As has been described above, according to the 
present invention, since an accessory pathway por- 
tion can be easily specified within a short period of 
time, the burden on a patient, especially the possibil- 
ity of exposure to X-rays, can be reduced. In addition, 55 
since the ablation catheter can be easily fixed, the 
burden on the patient can be further reduced. 

As many apparently widely different embodi- 



ments of the present invention can be made without 
departing from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the spe- 
cific embodiments thereof except as defined in the 
claims. 



Claims 

1 . An accessory pathway detecting apparatus com- 
prising: 

an electrode member having a plurality of 
electrodes which are inserted in an action poten- 
tial detection portion of an object to be tested, and 
used to acquire action potentials at a plurality of 
locations of the detection portion; 

measuring means for simultaneously 
measuring the action potentials at the plurality of 
locations by using said electrode member; and 

output means for outputting measurement 
results obtained by said measuring means such 
that the results can be displayed in the form of a 
list. 

2. The apparatus according to claim 1 , wherein said 
output means outputs data displayed on a display 
on the basis of the measurement results. 

3. The apparatus according to claim 1 , wherein said 
output means outputs data printed on a recording 
medium by a printing unit on the basis of the 
measurement results. 

4. The apparatus according to claim 1 , wherein said 
output means stores data based on the measure- 
ment results in a data storage media. 

5. The apparatus according to claim 1 , wherein said 
electrode member has a wire-like shape, and the 
plurality of electrodes are arranged at predeter- 
mined intervals on a distal end portion of said 
electrode member. 

6. The apparatus according to claim 1 , further com- 
prising pacing means forgiving an electrical stim- 
ulus to the object. 

7. The apparatus according to claim 6, wherein said 
pacing means is inserted in a predetermined por- 
tion in the body of the object to give the object a 
stimulus pulse for an electrophysiological test. 

8. The apparatus according to claim 6, wherein the 
measurement results obtained by said measuring 
means indicate a conduction time taken to con- 
duct an electrical stimulus given by said pacing 
means to each electrode of said electrode mem- 
ber. 
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9. The apparatus according to claim 1 , further com- 
prising living body signal amplifying means for 
amplifying an action potential acquired by said 
electrode member. 

5 

10. The apparatus according to claim 9, wherein said 
bioelectrical signal amplifying means simultane- 
ously amplifies a plurality of action potentials ac- 
quired by the plurality of electrodes of said elec- 
trode member. 10 

11. An accessory pathway detecting apparatus for 
detecting an accessory pathway in an object to 
be tested, comprising: 

a first electrode member inserted in a first 15 
detection portion of the object to acquire action 
potentials at a plurality of locations of the first de- 
tection portion; 

a second electrode member inserted in a 
second detection portion of the object to acquire 20 
action potentials at a plurality of locations of the 
second detection portion; 

measuring means for simultaneously 
measuring the action potentials at the pluralities 
of locations by using said first and second elec- 25 
trode members; and 

output means for outputting measurement 
results obtained by said measuring means such 
that the results can be displayed in the form of a 
list. 30 



type. 

18. The apparatus according to claim 15, wherein 
said second electrode member is of a guide wire 
type and has physical characteristics equivalent 
to those of a PTCA guide wire in terms of at least 
wire diameter and elastic force. 

19. The apparatus according to claim 15, wherein 
said first electrode member has a diameter small 
enough to allow said member to be inserted in a 
coronary sinus, and said second electrode mem- 
ber has a diameter small enough to allow said 
member to be inserted in coronary artery. 

20. The apparatus according to claim 11, further 
comprising pacing means for giving an electrical 
stimulus to the object. 

21. The apparatus according to claim 20, wherein 
said pacing means is inserted in a predetermined 
portion in the body of the object to give the object 
a stimulus pulse for an electrophysiological test. 

22. The apparatus according to claim 20, wherein the 
measurement results obtained by said measuring 
means indicate a conduction time taken to con- 
duct an electrical stimulus given by said pacing 
means to each electrode of said first and second 
electrode members. 



12. The apparatus according to claim 11, wherein 
said output means outputs data displayed on a 
display on the basis of the measurement results. 

13. The apparatus according to claim 11, wherein 
said output means outputs data printed on a re- 
cording medium by a printing unit on the basis of 
the measurement results. 

14. The apparatus according to claim 11, wherein 
said output means stores data based on the 
measurement results in a data storage media. 

15. The apparatus according to claim 11, wherein 
each of said first and second electrode members 
has a wire-like shape and a plurality of electrodes 
for acquiring a plurality of intercardiac potentials, 
said electrodes being insulated from each other 
and arranged at predetermined intervals on a dis- 
tal end portion of each of said electrode mem- 
bers. 

16. The apparatus according to claim 15, wherein 
said first electrode member is of a catheter type. 

17. The apparatus according to claim 15, wherein 
said second electrode member is of a guide wire 



23. An accessory pathway detecting apparatus for 
detecting an accessory pathway in an object to 
be tested, comprising: 

35 a first electrode member having a plurality 

of electrodes insulated from each other and ca- 
pable of being inserted in the object; 

a second electrode member capable of 
being inserted in the object and having an elec- 

40 trode at a predetermined position; and 

measuring means for measuring an impe- 
dance between each electrode of said first elec- 
trode member and the electrode of said second 
electrode member. 

45 

24. The apparatus according to claim 23, wherein 
said first electrode member has a wire-like 
shape, and the plurality of electrodes on said first 
electrode member are arranged at predeter- 

50 mined intervals on a distal end portion of said first 

electrode member. 

25. The apparatus according to claim 23, wherein 
said measuring means comprises 

55 selecting means for selecting at least one 

of the plurality of electrodes of said first electrode 
member. 

applying means for applying a predeter- 
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mined voltage between the selected electrode 
and the electrode of said second electrode mem- 
ber, and 

detecting means for detecting a current 
generated on the basis of the applied voltage, 

wherein an impedance is acquired on the 
basis of the predetermined voltage and the cur- 
rent detected by said detecting means. 

26. The apparatus according to claim 25, further 
comprising notification means for performing no- 
tification on the basis of an impedance value ob- 
tained by said measuring means. 

27. The apparatus according to claim 26, wherein 
said notification means notifies an impedance 
measured by said measuring means by means of 
a sound. 

28. The apparatus according to claim 23, wherein 
said second electrode is constituted by an abla- 
tion catheter. 



32. The apparatus according to claim 30, wherein 
said second electrode member is of a guide wire 
type. 

33. The apparatus according to claim 30, wherein 
said second electrode member is of a guide wire 
type and has physical characteristics equivalent 
to those of a PTCA guide wire in terms of at least 
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29. An accessory pathway cauterizing apparatus for 

detecting and cauterizing an accessory pathway 25 
in an object to be tested, comprising: 

a first electrode inserted in a first portion 
of the object and having a plurality of electrodes 
insulated from each other; 

a second electrode inserted in a second 30 
portion of the object and having a plurality of elec- 
trodes insulated from each other; 

an ablation catheter having an electrode 
arranged at a predetermined position; and 

measuring means for measuring an impe- 35 
dance between each of said first and second 
electrode members and the electrode of said 
ablation catheter. 

30. The apparatus according to claim 29, wherein 40 
each of said first and second electrode members 

has a wire-like shape, and the plurality of electro- 
des insulated from each other and used to ac- 
quire a plurality of action potentials are arranged 
at predetermined intervals at a distal end portion 45 
of each of said electrode members. 

31. The apparatus according to claim 30, wherein 
said first electrode member is of a catheter type. 
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wire diameter and elastic force. 

34. The apparatus according to claim 30, wherein 
said first electrode member has a diameter small 
enough to allow said member to be inserted in a 
coronary sinus, and said second electrode mem- 
ber has a diameter small enough to allow said 
member to be inserted in coronary artery. 

35. The apparatus according to claim 29, wherein the 
electrode of said ablation catheter is arranged on 
a distal end portion of said ablation catheter. 

36. The apparatus according to claim 29, wherein 
said measuring means comprises 

selecting means for selecting at least one 
of the plurality of electrodes of said first electrode 
member. 

applying means for applying a predeter- 
mined voltage between the selected electrode 
and the electrode of said second electrode mem- 
ber, and 

detecting means for detecting a current 
generated on the basis of the applied voltage, 

wherein an impedance is acquired on the 
basis of the predetermined voltage and the cur- 
rent detected by said detecting means. 

37. The apparatus according to claim 36, further 
comprising notification means for performing no- 
tification on the basis of an impedance value ob- 
tained by said measuring means. 

38. The apparatus according to claim 37, wherein 
said notification means notifies an impedance 
measured by said measuring means by means of 
a sound. 

39. An accessory pathway detecting apparatus for 
detecting an accessory pathway in an object to 
be tested, comprising: 

a first electrode member inserted in a first 
portion of the object and having a plurality of elec- 
trodes insulated from each other; 

a second electrode member inserted in a 
second portion of the object and having a plurality 
of electrodes insulated from each other; 

a third electrode member capable of being 
inserted in the object and having an electrode at 
a predetermined position; 

first measuring means for simultaneously 
measuring action potentials at pluralities of loca- 
tions of the first and second portions by using 
said first and second electrode members; 

output means for outputting results ob- 
tained by said first measuring means such that 
the results are displayed in the form of a list; and 

second measuring means for measuring 
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an impedance between each of the electrodes of 
said first and second electrode members and the 
electrode of said third electrode member. 

40. An accessory pathway detecting apparatus for 
detecting and cauterizing an accessory pathway 
in an object to be tested, comprising: 

a first electrode member inserted in a first 
portion of the object and having a plurality of elec- 
trodes insulated from each other; 

a second electrode member inserted in a 
second portion of the object and having a plurality 
of electrodes insulated from each other; 

an ablation catheter capable of being in- 
serted in the object and having an electrode at a 
predetermined position; 

first measuring means for simultaneously 
measuring action potentials at pluralities of loca- 
tions of the first and second portions by using 
said first and second electrode members; 

output means for outputting results ob- 
tained by said first measuring means such that 
the results are displayed in the form of a list; and 

second measuring means for measuring 
an impedance between each of the electrodes of 
said first and second electrode members and the 
electrode of said ablation catheter. 

41. The apparatus according to claim 40, wherein 
said ablation catheter has an electrode for gen- 
erating an electrical stimulus, and 

the measurement results obtained by said 
first measuring means indicate a conduction time 
taken to conduct an electrical stimulus generated 
by said ablation catheter to a position of each 
electrode of said first and second electrode 
members. 

42. A method of detecting an accessory pathway in 
an object to be tested, comprising the steps of: 

inserting an electrode member in an ac- 
tion potential detection portion of the object, said 
electrode member having a plurality of electro- 
des for acquiring action potentials at a plurality of 
locations of the detection portion; 

simultaneously measuring the action po- 
tentials at the plurality of locations by using said 
electrode member; and 

displaying measurement results obtained 
in the measurement step such that the results 
can be displayed in the form of a list. 

43. The method of detecting an accessory pathway 
in an object to be tested, comprising the steps of: 

inserting a first electrode member in a first 
detection portion of the object, said first elec- 
trode member being adapted to acquire action 
potentials at a plurality of locations of the first de- 



tection portion; 

inserting a second electrode member in a 
second detection portion of the object, said sec- 
ond electrode member being adapted to acquire 

5 action potentials at a plurality of locations of the 

second detection portion; 

simultaneously measuring the action po- 
tentials at the pluralities of locations by using said 
first and second electrode members; and 

to outputting measurement results obtained 

by said measuring means such that the results 
can be displayed in the form of a list. 

44. The method according to claim 43, wherein the 
15 first detection portion is a coronary sinus, and the 

second detection portion is a coronary artery. 

45. The method according to claim 43, further com- 
prising the step of inserting a third electrode 

20 member in the object, said third electrode mem- 

ber having an electrode for giving an electrical 
stimulus to the object. 

46. A method of detecting an accessory pathway in 
25 an object to be tested, comprising the steps of. 

inserting a first electrode member in the 
object, said first electrode member having a plur- 
ality of electrodes insulated from each other; 

inserting a second electrode member in 
30 the object, said second electrode member having 

an electrode at a predetermined position; and 

measuring an impedance between each of 
the electrodes of said first electrode member and 
the electrode of said second electrode member. 

35 

47. A method of detecting and cauterizing an acces- 
sory pathway in an object to be tested, compris- 
ing the steps of: 

inserting a first electrode member in a first 
40 portion of the object, said first electrode member 

having a plurality of electrodes insulated from 
each other, 

inserting a second electrode member in a 
second portion of the object, said second elec- 
45 trode member having a plurality of electrodes in- 

sulated from each other; 

inserting an ablation catheter having an 
electrode arranged at a predetermined position 
into the object and measuring an impedance be- 
so tween each of the electrodes of said first and sec- 
ond electrode members and the electrode of said 
ablation catheter and 

specifying an accessory pathway portion 
on the basis of measurement results of the impe- 
55 dances, and cauterizing the accessory pathway 

portion by using said ablation catheter. 

48. The method according to claim 47, wherein the 
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first detection portion is a coronary sinus, and the 
second detection portion is a coronary artery. 

49. A method of detecting an accessory pathway in 

an object to be tested, comprising the steps of: 5 

inserting a first electrode member in a first 
portion of the object, said first electrode member 
having a plurality of electrodes insulated from 
each other; 

inserting a second electrode member in a 10 
second portion of the object, said second elec- 
trode member having a plurality of electrodes in- 
sulated from each other; 

simultaneously measuring action poten- 
tials at pluralities of locations of the first and sec- 15 
ond portions by using said first and second elec- 
trode members; 

recognizing an accessory pathway portion 
on the basis of measurement results obtained by 
said first measuring means which are displayed 20 
in the form of a list; 

inserting a third electrode member having 
an electrode into the object to a position near the 
recognized accessory pathway portion; and 

specifying the accessory pathway portion 25 
by measuring an impedance between an elec- 
trode, of the electrodes of said first and second 
electrode members, located near the recognized 
accessory pathway portion and the electrode of 
said third electrode member. 30 

50. A method of detecting and cauterizing an acces- 
sory pathway in an object to be tested, compris- 
ing the steps of: 

inserting a first electrode member in a first 35 
portion of the object, said first electrode member 
having a plurality of electrodes insulated from 
each other; 

inserting a second electrode member in a 
second portion of the object, said second elec- 40 
trode member having a plurality of electrodes in- 
sulated from each other; 

simultaneously measuring action poten- 
tials at pluralities of locations of the first and sec- 
~ ond portions by using said first and second elec- 45 
trode members; 

displaying measurement results in the 
form of a list, and recognizing an accessory path- 
way portion in the object on the basis of the dis- 
play; 50 

inserting and locating an ablation catheter 
at the accessory pathway portion, said ablation 
catheter having an electrode at a predetermined 
position; 

measuring an impedance between each of 55 
the electrodes of said first and second electrode 
members and the electrode of said ablation cath- 
eter, thereby detecting the accessory pathway 
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portion and fixing said ablation catheter; and 

cauterizing the accessory pathway por- 
tion by using said ablation catheter. 

51. A method of detecting and cauterizing an acces- 
sory pathway in an object to be tested, compris- 
ing the steps of: 

inserting a first electrode member in a first 
portion of the object, said first electrode member 
having a plurality of electrodes insulated from 
each other; 

inserting a second electrode member in a 
second portion of the object said second elec- 
trode member having a plurality of electrodes in- 
sulated from each other; 

inserting an ablation catheter in the object, 
said ablation catheter having an electrode for 
generating a stimulus pulse and performing im- 
pedance measurement; 

measuring a conduction time of a stimulus 
pulse generated by said catheter by simultane- 
ously measuring action potentials at pluralities of 
locations of the first and second portions by using 
said first and second electrode members; 

displaying measurement results in the 
form of a list and recognizing an accessory path- 
way portion of the object on the basis of the dis- 
play; 

moving said cauterization catheter to the 
accessory pathway portion of the object; 

measuring an impedance between each of 
the electrodes of said first and second electrode 
members and the electrode of said cauterization 
catheter, thereby detecting the accessory path- 
way portion and fixing said cauterization cathet- 
er; and 

cauterizing the accessory pathway por- 
tion by using said cauterization catheter. 
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FIG. 3B 




16 



EP 0 659 388 A1 



41 



O- 
O- 



42 



F I G. 




MAIN 
CONTROL 
UNIT 



s 



4-61 



f N 
v J 


_46 


DISPLAY 
CONTROLLER 






C 

,471 








P — 


PRINTER 
CONTROLLER 









,48 






RECORDER 






CONTROLLER 



^4-81 




KEYBOARD 
.CONTROLLER 



>431 



451 



MEMORY 
CONTROLLER 



17 



9NSDOCID: <EP 



. 0659388 A 1 I > 



EP 0 659 388 A1 




18 



EP 0 659 388 A1 




19 



3NSDOCID: <EP 0659388A1_I_> 



EP 0 659 388 A1 




EP 0 659 388 A1 



FIG. 8A 




21 



3NSDOCID: <EP 0659388A1_I_> 



EP 0 659 388 A1 



FIG. 9 




v J 


_46 


DISPLAY 




CONTROLLER 


47 




PRINTER 
CONTROLLER 











U^ 8 






RECORDER 






CONTROLLER 




KEYBOARD 
CONTROLLER 



22 



. i^rsy->/->ir-\. -ir o 



EP 0 659 388 A1 



C START ) 

I 



INSERT LEFT CARDIAC POTENTIAL 
MEASURING MULTI-ELECTRODE 
LEAD INTO CORONARY SINUS 



FIG. 

.^S10 



INSERT RIGHT CARDIAC POTENTIAL 
MEASURING MULTI-ELECTRODE 
LEAD INTO CORONARY ARTERY 



I 



INSERT PACING LEAD INTO VENTRICLE 



OUTPUT STIMULUS PULSE 
FROM PACING LEAD 



,S11 



-S12 




-S14 



START SIMULTANEOUS SAMPLING OF 
ACTION POTENTIALS AT MULTIPLE POINTS 



.S15 



TERMINATE SAMPLING 



FORM POTENTIAL MAPS 



-S16 



-S17 



OUTPUT POTENTIAL MAPS 



-S18 



S19 



IS MEASUREMENT FINISHED? 
YES 

END *) 



23 



EP 0 659 388 A1 



f START 



FIG. 11 



INSERT LEFT CARDIAC POTENTIAL 
MEASURING MULTI-ELECTRODE 
LEAD INTO CORONARY SINUS 



.S101 



INSERT RIGHT CARDIAC POTENTIAL 
MEASURING MULTI-ELECTRODE 
LEAD INTO CORONARY ARTERY 



I 



INSERT ABLATION CATHETER 
INTO VENTRICLE 



I 



SELECT ELECTRODE 



,S102 



■ S103 



.S104 



MEASURE IMPEDANCE 



•S105 



IS MEASUREMENT 
AT ANOTHER ELECTRODE 
(ANOTHER POSITION) 
PERFORMED? 



NO 



FIX ABLATION CATHETER 
AT POSITON 
WHERE LOWEST IMPEDANCE IS MEASURED 



S107 



I 



PERFORM CAUTERIZATION PROCESSING 



-S108 



c 



END 



24 



EP 0 659 388 A1 



C 



START 

ZJZ 



INSERT LEFT AND RIGHT CARDIAC 
POTENTIAL MEASURING MULTI-ELECTRODE 
LEADS INTO PREDETERMINED PORTIONS 



INSERT ABLATION CATHETER 
INTO VENTRICLE 



FIG. 

^S201 
„S202 



„S203 

is measurement started?" 
"yeT 



GENERATE STIMULUS PULSE AND ~L^S204 
START SAMPLING OF ACTION POTENTIALS 

V 

TERMINATE SAMPLING ^S205 
AND FORM / OUTPUT POTENTIAL MAPS 




MOVE ABLATION CATHETER 



S207 



SELECT ELECTRODE 
AND MEASURE IMPEDANCE 



5208 



S209 

IS MEASUREMENT "~ 
^AT ANOTHER ELECTRODE OR ANOTHER* 
.POSITION PERFORMED? 



NO 



.YES 



V 



S210 



FIX CATHETER AT POSITION WHERE LOWEST 
IMPEDA NCE IS MEASURED 

+ 

PERFORM CAUTERIZATION PROCESSING K^ S21 1 

— r 

( END 

25 



BP 0 659 386 A1 




26 



EP 0 659 388 A1 



European Patent PAR TIAL EUROPEAN SEARCH REPORT 

omce wnicn under R "le 45 of the European Patent Convention 

sha " be considered, for the purposes of subsequent 
proceedings, as the European search report 



Category 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Citation of document with indication, where appropriate, 
of relevant passages 



EP - A - 0 499 491 
(CARDIAC) 

* Totality * 



Relevant 



1-41 



Application number 



EP 94402937.0 



classification of the 

APPLICATION tint Cl6) 



A 61 B 17/36 
A 61 B 17/39 
A 61 N 1/05 
A 61 M 25/04 



TECHNICAL FIELDS 
SEARCHED imt aS ) 



INCOMPLETE SEARCH 



Th« Search Division considers that the present European patent application does not com pry with 
the provisions of the European Patent Convention to such an extent that it is not possible to carry 
out a meaningful search into the state of the art on the basis of some of the claims. 
Claims searched complete*/: 1-41 
Claims searched incompletely: — 

Claims not searched: 42-51 Reason: Method for treatment of the 
Reason for me limitation or me search: human body by surgery and 

diagnostic method practised 
on the human body 
(Art. 52(4)EPC) 



A 61 B 
A 61 N 
A 61 M 



sr 

8 



o 

s? 



CATEGORY OF CITED DOCUMENTS 

particularly relevant if taken alone 
particularly relevant if combined with another 
document of the same category 
technological background 
non-written disclosure 



P : intermediate document 



nardAT"" 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after the filing date 
p : document cited in Hie application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document * 



27 



0659388A1_l_> 



********** 



